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FIGURE 3 Recovery Scheme for Fuel cell performance during exposure to
3,000 ppm CO for 5 seconds at 600 mA/cm®

08 v - ; 1 - 7000
(3). Cell woltage at T,,, = 90 °C

‘{ff 6000

07 5000
3
E.-: K -1 4000 g
o (2). Cell woitage at T, = 70 °C _ 5
2 08 @
> 3000 §
& + 0
d) | i
© 3
| 1). CO 3,000 for5 5 0
(1) ppm for 5 scconds {2000 S

K

0.5

-1 1000

. e e e :l 0
0.4 “— L : el rrere—————a | - ) — ] : I '

0 50 100 150 ' 200 250

Time (sec.)



U.S. Patent Jul. 8, 2008 Sheet 4 of 4 US 7,396,605 B2

32

Begin Fuel

Stream

34 36 3

Impurities above

nredetermined level? Temp Raised?

Yes Yes

Impurities [n Stream?

No

40

Raised
Temperature

Lower

Yes Temperature

Temp Raised?

No
Yes

ND




US 7,396,605 B2

1

METHOD AND SYSTEM FOR IMPROVING
THE PERFORMANCE OF A FUEL CELL

FIELD OF THE INVENTION

The present ivention relates to a method and system for
improving the performance of electrochemical tuel cells, and
more particularly, to a method and system for varying the
temperature within the fuel cell to diminish electrocatalyst
poisoning caused by impurities in the fuel stream.

Applicant claims priority of provisional application num-
bers 60/362,615 filed Mar. 8, 2002 and 60/363,077 filed Mar.

11, 2002.

BACKGROUND OF THE INVENTION

As the power needs of society increase and with the deple-
tion of fossil fuels, there 1s a need for power services that
provide clean eflicient power. Such needs exist both for
mobile applications such as the automotive industry and sta-
tionary applications as powering manufacturing facilities or
commercial enterprises. To meet these needs, electrochemi-
cal fuel cells have been developed to convert the chemical
energy of a fuel directly 1nto electrical energy thereby pro-
viding a clean and efficient source of electrical power. Gen-
erally, a fuel cell includes a pair of electrodes arranged across
an electrolyte, wherein the surface of one electrode 1s exposed
to hydrogen or a hydrogen rich gaseous fuel, and the surface
of the other electrode 1s exposed to an oxygen-containing
ox1dizing gas, typically air. Inside the fuel cell, hydrogen rich
gas from the fuel source reacts electrochemically at a first
clectrode (anode) and 1s converted 1nto protons and electrons
by a catalyst. When converted, the protons move through an
clectrolyte to a second electrode (cathode) that also includes
a catalyst. The catalyst induces oxygen from an air supply to
combine with the hydrogen protons and electrons to form
water, which 1s expelled from the fuel cell as vapor. The
involvement of hydrogen and oxygen in the two reactions,
one releasing electrons and the other consuming them, yields
clectrical energy across the anode and cathode by way of an
external circuit, thereby generating electrical power.

Many electrochemical fuel cells employ a membrane elec-
trode assembly (“MEA”) in which the imtermediate electro-
lyte comprises a solid polymer electrolyte or 1on-exchange
membrane disposed between two porous electrically conduc-
tive electrode layers (the anode and the cathode). At the
anode, the tuel (H,) 1s directed through a porous layer of the
anode where 1t can be oxidized by the electrocatalyst to pro-
duce protons and electrons from the hydrogen rich fuel. The
protons migrate through the polymer electrolyte membrane
toward the cathode electrocatalyst to bind with the oxygen
and separated electrons from the hydrogen. Once across the
polymer electrolyte membrane, the oxidant (O,) enters
through the porous cathode to react with the protons and
clectrons on the cathode electrocatalyst to form water. The
clectrons travel from the anode to the cathode through an
external circuit, which produces an electrical current.

The basic reaction for powering a hydrogen based fuel cell
1s as follows:

Anode: 2H, —= 4H" + 4e°

Overall: 2H, + O, —= 2H50
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A process known as reforming produces hydrogen from
hydrocarbon fuels such as methanol or gasoline. Unifortu-
nately, the stream of fuel produced by a reformer contains
impurities that inhibit the desired electrochemical reaction
within the fuel cell. These impurities are absorbed chemically
or physically on the surface of the anode electrocatalyst and
prevent H, from bonding to active electrocatalyst sites on the
anode where i1t can be broken down into 1ts protons and
clectrons. By disrupting the anode reaction, the number of
clectrons traveling from anode to cathode 1s reduced and the
elficiency of the fuel cell 1s detrimentally affected. Impurities
in the fuel stream that reduce the efficiency are known as
clectrocatalyst “poisons” and their effect on fuel cells 1s
known as “electrocatalyst poisoning.” Flectrocatalyst poi-
soning results 1n reduced fuel cell performance thereby
reducing the voltage output of the fuel cell for a given current
density.

Retformate fuel streams dertved from hydrocarbons such as
methanol (CH,OH) contain high concentrations ot H, and are
well suited to fuel the electrochemical fuel cell. However,
such fuels also contain electrocatalyst poisons such as carbon
monoxide (CO) that exist in relatively small quantities 1n the
fuel stream used to supply hydrogen rich gas to the fuel cell.
The basic reactions for using methanol fuel to provide a

hydrogen rich gas through a reformer for the fuel cell 1s shown
as follows:

(1) CH;OH —= 2H, + CO
(2) CO+ H,O — H, + 2H)0

Overall: CH3;0H + H, O — 3H, + CO,

However, the above reactions do not practically result 1n
the conversion of 100% of the carbon monoxide to CO, and
causes this impurity to enter the fuel cell. In fact, most reform-
ers typically produce hydrogen gas containing up to 1% car-
bon monoxide. Additional steps can be taken to further reduce
the carbon monoxide levels to around 10-100 ppm, but under
normal operation of the reformer, there are transients that may
cause the carbon monoxide levels to exceed the set points of
normal operation for the reformer and the fuel cell. Even
minute amounts of carbon monoxide can cause substantial
degradation of the fuel cell performance. To reduce the etfects
of poisoning on the anode electrocatalyst by impurities like
carbon monoxide created by the incomplete reaction of trace
amounts of carbon monoxide from the above equation, 1t 1s
possible to pre-treat the fuel supply stream prior to 1t entering,
the fuel cell. However, these pretreatment methods for fuel
streams cannot effectively remove 100% of the carbon mon-
oxide or other impurities that interfere with fuel cell effi-
ciency. Even trace amounts of 10 ppm can result in electro-
catalyst poisoning and cause a substantial reduction 1n fuel
cell performance. Increasing the temperature of a fuel cell can
reduce the ability of impurities to bond with the electrocata-
lyst. However, maintaining the fuel cell at a higher tempera-
ture reduces the operational life of the fuel cell by damaging
the MEA and results 1n a reduction of the overall efficiency
and useful life of the fuel cell. It should be noted that while
carbon monoxide 1s used 1n the above discussion, other impu-
rities such as H,S, NH,, or other elements or compounds also
degrade the performance of fuel cells at both the anode and
cathode sides of the cell. It 1s to be understood that impurities
can also interfere with the cathode that can include impurities
in the air added to the cathode. For example, hydrocarbons
can exist in the air 1n close proximity to a combustion engine
or in the air as a hydrocarbon fuel station. Accordingly, the
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ability to reduce electrocatalyst poisoning of a fuel cell at both
the anode and cathode 1s a problem to which significant
attention should be directed.

Therefore, 1t 1s an object of the present invention to
manipulate the temperature of a fuel cell to reduce the ability
of impurities 1n the fuel cell fuel stream to bind with active
clectrocatalyst sites.

It 1s another object of the present invention to mampulate
the temperature of the fuel cell to reduce the effect of 1mpu-
rities while reducing deterioration of the membrane electrode
assembly.

SUMMARY OF THE INVENTION

The above objectives are accomplished according to the
present invention by providing an electrochemical fuel cell
system adapted for maintaining the efficient production of
clectrical power. The system comprising a fuel supply con-
taining a hydrogen rich gaseous fuel for delivery to a fuel cell.
A fuel supply conduit connects the fuel supply and the fuel
cell for delivering a tuel stream of the hydrogen rich gaseous
tuel to the fuel cell. An impurity sensor is carried by the tuel
supply conduit for detecting impurities 1n the fuel stream
prior to the impurities entering the tuel cell. A heating mecha-
nism 1s 1 communication with the impurity sensor being
operatively associated with the fuel cell for changing the
temperature of the fuel cell. The heating mechanism raises the
temperature of the fuel cell from a normal operating tempera-
ture to an elevated operating temperature when the impurity
sensor detects impurities 1n the fuel stream. As a result, the
detrimental effect of impurities 1n the fuel stream on the
normal operation of the fuel cell 1s reduced.

In the preferred embodiment, the impurity sensor 1s con-
structed and arranged to detect a rise or drop 1n the level of
impurities from a predetermine level of impurities. The impu-
rity sensor signals the heating mechanism to raise the tem-
perature of the fuel cell from the normal operating tempera-
ture to the elevated operating temperature when the impurity
sensor detects a rise in the level of impurities 1n the fuel
stream above the predetermined level. The impurity sensor
signals the heating mechanmism to cease raising the tempera-
ture of the fuel cell and return the fuel cell to the normal
operating temperature when the impurity sensor detects a
drop 1n the level of impurities 1n the fuel stream below the
predetermined level.

In a further advantageous embodiment, a control unit 1s
provided in electronic communication with the impurity sen-
sor and the heating mechanism. The control unit monitors the
level of impurities detected by the impurity sensor and signals
the heating mechanism to raise the temperature of the fuel
stream to raise the temperature of the fuel cell to the elevated
operating temperature when a rise 1n the level of impurities 1s
detected beyond a predetermined level. The control unit sig-
nals the heating mechanism to cease raising the temperature
of the fuel stream to return the fuel cell to the normal operat-
ing temperature when the level of impurities monitored by the
control unit and detected by the impurity sensor drops below
the predetermined level.

Preferably, the heating mechanism 1s activated to raise the
temperature of the fuel cell to the elevated operating tempera-
ture for a predetermined period of time upon detection of an
impurity in the fuel stream. The heating mechanism 1s deac-
tivated after the predetermined period of time to return the
tuel cell to the normal operating temperature so that after the
impurity has pass completely through the fuel cell, the oper-
ating temperature can be decreased to preserve operational

life of the tuel cell.
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In the preferred embodiment, the heating mechanism
includes a hot gas 1njector connected to the fuel supply con-
duit. The hot gas 1njector introducing a stream of heated gas
into the tuel supply conduit to rapidly raise the temperature of
the tuel cell so that the impurities are prevented from binding
to electrocatalysts contained within the fuel cell. Preferably,
the hot gas injector introduced heated hydrogen gas 1nto the
tuel supply conduit to raise the temperature of the fuel stream.

In a further advantageous embodiment, the heating mecha-
nism includes a heating coil disposed around the tuel supply
conduit. The heating coil heats the fuel stream within the fuel
supply conduit prior to entering the fuel cell to rapidly raise
the temperature of the fuel cell so that the impurities are
prevented from binding to electrocatalysts contained within
the fuel cell.

A voltage sensor may also be provided for detecting a rise
or drop 1n the voltage of the fuel cell from a predetermined
voltage level. The voltage sensor 1s operatively associated
with the heating mechanism for signaling the heating mecha-
nism to increase the temperature of the fuel cell to the elevated
operating temperature when a drop in voltage 1s detected
below the predetermined voltage level to remove impurities
from the fuel cell. Additionally, the voltage sensor signals the
heating mechanism to cease raising the temperature of the
fuel cell and return the fuel cell to the normal operating
temperature when the voltage sensor detects a return 1n volt-
age to the predetermined voltage level.

BRIEF DESCRIPTION OF THE DRAWINGS

The construction designed to carry out the mvention will
hereinafter be described, together with other features thereof.
The invention will be more readily understood from a reading
of the following specification and by reference to the accom-
panying drawings forming a part thereof, wherein an example
of the invention 1s shown and wherein:

FIG. 1 1s a schematic of the fuel cell system according to
the present invention;

FIG. 2 1s a schematic of the fuel cell system according to
the present invention;

FIG. 3 1s a graph showing the fuel cell voltage and atffects
ol concentration of carbon monoxide according to tempera-
ture; and,

FIG. 4 1s a flowchart depicting the change in temperature
according to the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

The present invention diminishes the effects of electrocata-
lyst poisoning by providing a method and system for varying
the temperature of the fuel cell according to the level of
impurities present 1n the fuel stream. The temperature inside
the fuel cell 1s rapidly changed from the normal operating
temperature to a higher operating temperature when a burst of
carbon monoxide or other impurities are detected 1n the fuel
stream. An impurity sensor 1s disposed along a fuel supply
conduit to detect increased levels of impurities before the
impurity can enter the fuel cell. It 1s to be understood that
various types of impurity sensors can be utilized to detect a
variety of impurities in the fuel stream, such as CO, NH, and
H.S sensors. For illustrative purposed of a preferred embodi-
ment, the impurity sensor 1s a carbon monoxide sensor. Addi-
tionally, the preferred embodiment 1s described for a poly-
clectrolyte membrane fuel cell (PEMFC) such as amembrane
clectrode assembly (MEA) marketed under the trademark

PRIMEA®. A temperature change o1 70° C. to 90° C. for this
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tuel cell, occurring with the tuel cell maintained at a pressure
ol approximately 202 kPa, diminishes the poisoming rate of
impurities on the electrocatalyst. This temperature change 1s
accomplished through the introduction of a burst of hot gas
from a gas mjector located downstream of the impurity sensor
and before the fuel cell. In the preferred embodiment, the
carbon monoxide sensor sends a signal to a control unit when
a burst of carbon monoxide from a reformer 1s detected. The
control unit then signals the gas injector to open a control
valve and rapidly infuse heated H, into the fuel supply con-
duit of the tuel cell, thereby raising the fuel cell temperature
to prevent the binding of impurities on the electrocatalyst
either by chemical or physical absorption to the electrocata-
lyst. In an alternative embodiment, the existing fuel stream
can be heated through a heating coil displaced around the
injected fuel stream. Additionally, 1n the event that some
impurities do bind to the electrocatalyst, the higher tempera-
ture increases the removal of the impurities from the electro-
catalyst, thereby increasing the voltage recover rate. Once the
impurity level returns to an acceptable concentration, reduc-
ing the operating temperature from the raised temperature to
the normal operating temperature decreases the detrimental
cifect of the operational life that higher temperatures cause.
Therefore, once the impurities sensor no longer detects
clevated levels of impurities, or carbon monoxide in this
example, 1t sends a signal to the control unit which 1n turn
signals the gas injector to close the control valve and cease the
introduction of heated gas into the fuel supply conduit.
Referring now to the drawings, the invention will be
described 1n more detail. FIG. 1 shows a schematic of the fuel
cell system according to the present invention. A reformer 14
receives methanol, hydrocarbon or other fuel from a fuel
supply tank 10, along with water from a water supply tank 12
tor producing a hydrogen-rich gas that supplies the fuel cell.
A tuel supply conduit 22 feeds a stream of hydrogen-rich gas
produced by the reformer to a fuel cell stack 28 at an anode
clectrocatalyst location, designated generally as 21. The con-
struction of fuel cells 1s well known by those skilled in the art
and the present invention can be applied to any of the cur-
rently known fuel cell structures and 1s not limited to any
particular type of fuel cell arrangement. For alloy membranes
normal operating temperature can be generally 70° C. while
the higher temperature can be generally 90° C. For ceramic
membranes, normal operating temperatures can be signifi-
cantly higher and be 1n the several hundreds of degrees. An
impurity sensor 16 1s disposed along fuel supply conduit 22
alter reformer 14 but before the gas enters fuel cell stack 28.
By detecting the impurity prior to the impurity reaching the
tuel cell, the effect of the electrocatalyst poisoning can be
mimmized prior to experiencing the full effect. It 1s to be
understood that various types of impurity sensors can be
utilized to detect a variety of impurities 1n the fuel stream,
such as CO, NH3 and H,S. For illustrative purposes of a
preferred embodiment, the impurity sensor detects carbon
monoxide. A gas injector 18 for introducing heated gas into
the system 1s connected to fuel supply conduit 22 after impu-
rities sensor 16, but before fuel supply conduit 22 enters fuel
cell stack 28 at the anode. A control valve 19 for gas injector
18 1s disposed along fuel supply conduit 22. Both impurities
sensor 16 and gas 1injector 18 are 1n electronic communication
with control unit 20. According to sensing a predetermined
level of po1soning such as a burst of carbon monoxide, impu-
rities sensor 16 sends a signal to control unit 20. Control unit
20 monitors the changing level of impurities detected by
sensor 16 and sends a signal to gas injector 18 to open valve
19, thereby allowing heated gas to be injected into fuel supply
conduit 22 and thereby raising the fuel cell temperature to
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prevent the binding of impurities to the electrocatalyst either
by chemical or physical absorption to the electrocatalyst.
Additionally, for impurities that do bind to the electrocatalyst,
the higher temperature increases voltage recover rates and the
rate of impurities are reduced within the fuel cell. Oxygen
from air supply 26, 1s also included in the fuel supply deliv-
ered to the fuel cell stack. The oxygen 1s introduced 1nto fuel
cell stack 28 along cathode fuel conduit 24 at a cathode
clectrocatalyst location, designated generally as 23, for com-
pleting the oxidation reaction that completes the fuel cell
clectrochemical oxidation/reduction reaction. In an alterna-
tive embodiment, an additionally impurity sensor 16 can be
placed 1n cathode fuel conduit 24 for detecting impurities in
the oxygen supply to raise the operating temperature of the

tuel cell stack to prevent the impurities from binding to the
cathode.

In an alternative embodiment, a heating coil 30 (FIG. 2)
can be used to heat the fuel stream prior to 1t entering the fuel
cell. The heating co1l 1s connected to control unit 20 and heats
the fuel stream upon 1mpurities sensor 16 detecting a prede-
termined level of impurities.

Impurities sensor detects not only when the predetermined
levels of impurities exist, but also when the impurity level 1s
reduced below the predetermined level so as to allow the
operating temperature to be reduced. By reducing the oper-
ating temperature from the higher temperature to the normal
operating temperature, the detrimental effect on the opera-
tional life of the fuel cell 1s reduced. Therefore, once impurity
sensor 16 no longer detects elevated levels of carbon monox-
1de, 1t sends a signal to control unit 20 which 1n turn can signal
gas mjector 18 to close control valve 19 and cease the intro-
duction of heated gas or cease heating the fuel stream being
supplied to the fuel cell. This allows the fuel cell to return to
the normal operating conditions.

The controlled change of temperature extends the electro-
catalyst life by only increasing operating temperature during
high levels of impurities. As a result, an electrochemical fuel
cell with increased durability and more uniform higher power
output 1s provided.

Table 1 1llustrates the advantages of increasing the tem-
perature of a fuel cell 1n response to increased levels of
impurities. The following 1s provided for a polymer electro-
lyte membrane tuel cell (PEMFC) using a membrane elec-
trode assembly (MEA) but this invention 1s certainly not
limited to thus example. The following table shows depen-
dence of poisoning and recovery rates on CO/H, mixture
composition at 600 mA/cm” with neat hydrogen as the base-
line. Exposure to CO and baseline level was 300 s and 1500 s
respectively.

Tcell = 70" C': Tcell =90° C':
P =202 kPa P =202 kPa
Poisoning Recovery Poisoning Recovery
CO/H, rate rate rate rate
(ppm) (V/min) (V/min) (V/min) (V/min)
3000 -1.10 0.04 —-0.08 0.06
10000 -1.56 0.03 —-0.40 0.04

At a pressure of 202 kPa, by increasing the operating tem-
perature ol the fuel cell from 70° C. to 90° C., 1n this example,
the poisoning rate for carbon monoxide 1s decreased, though
chemical and physical competing absorption and oxidation
through electrochemical or chemical means. Additionally, the
recovery rate of the fuel cell voltage 1s shown increased by
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approximately 50%, thereby requiring less time for the tuel
cell to regain 1ts optimal operating elliciency. Thus, when a
burst of carbon monoxide 1s detected by impurities sensor 16,
the effect of carbon monoxide poisoning on the electrocata-
lyst can be mitigated by increasing the operating temperature
through the introduction of a burst of hot gas (dry or humid)
into fuel supply conduit 22. As such, the carbon monoxide
poisoning rate, as noted in Table 1, 1s decreased due to the
increase 1n the fuel cell temperature. Thus, the fuel cell’s
performance 1s only mimimally affected by the poisoming
when the burst of hot gas 1s injected into the system before the
impurity can enter the fuel cell. Since the higher temperature
over time will reduce the operational life of the tuel cell, 1t 1s
beneficial to return the cell to the normal lower operating
temperature as quickly as possible. Therefore, once impuri-
ties detector 16 no longer indicates unacceptable levels of
impurities, 1t signals control unit 20 to turn oif gas injector 18
to prevent further increase 1n temperature and allow fuel cell
28 to cool.

By monitoring impurity levels with control unit 20, prior to
the fuel entering the fuel cell, it 1s possible to calculate the
time that the carbon monoxide pulse will pass completely
through the fuel cell. Thus, after the carbon monoxide pulse
has passed, the hot gas 1njector can be controlled from control
20 allowing the system to decrease the fuel cell temperature to
a normal operating temperature to preserve the fuel cell
operational life. It 1s to be understood that this system and
method can also be applied to a feedback scheme where
impurities are detected once they have entered the fuel cell
and to mitigate the effects of poisoning that has already
entered the tuel cell.

In an alternative embodiment, a voltage sensor can be used
to measure power output of the fuel cell 1n place of or in
combination with the impurities sensor. In this embodiment,
the voltage sensor can transmit a signal to the control unit for
hot H, or actuating the heater when the voltage level drops
below a predetermined voltage level. Therelfore, reacting to
the resulting voltage drop by elevating the temperature 1n the
tuel cell can minimize the effect on voltage of any impurities
entering the fuel cell. When the voltage stabilized, the control
unit can send a signal to the output control vales to stop the
injection ol hot gas or deactivate the heater allowing the
temperature to return to normal so as to reduce the detrimental
cifect on the fuel cell and improve recovery rates. Addition-
ally, a voltage sensor and impurities sensor can operate 1n
combination to detect impurities and voltage drops so as to
actuate the control unit to control temperature producing
enhanced performance 1n the fuel cell. Software in the control
unit can detect the need to manipulating the temperature
through the impurities sensor or voltage sensor, send a control
signal to the gas injector or heater, detect the end of a burst of
impurities or voltage drop, and send a control signal to the
injector or heater deactivating them.

Normal operation of the fuel cell at a normal operating
temperature 1s preferred since it may be difficult to maintain
optimum humidity of the MEA at the higher temperatures.
This 1s significant since optimum humidity 1s required for
optimum MFEA and fuel cell performance. Additionally, some
tuel cells operate at lower temperature conditions since exter-
nal systems would be required to operate to maintain higher
temperature operating conditions requiring power. By way of
example, FIG. 3 1llustrates the results of this mvention for a
MEA fuel cell during exposure to 3,000 ppm carbon monox-
ide for 5 seconds at 600 MA/cm”. Line 1 shows the transient
in carbon monoxide concentrations that is detected by impu-
rities sensor 16 (FIG. 1). Line 2 shows the fuel cell pertor-

mance with a burst of carbon monoxide impurity, but without
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this 1invention. In this instance the recover time for the cell
voltage 1s substantially longer than with the use of this inven-
tion. Line 3 shows the performance of the fuel cell when this
invention increases 1n fuel cell temperature upon detection of
an 1mpurity, carbon monoxide burst, and then a return to
normal temperature after the impurity 1s flushed from the fuel
cell. Without the use of this invention, a fuel cell operating at
600 MA/cm” shows a rapid decrease in cell voltage at 70° C.
when exposed to a large transient carbon monoxide 1mpuri-
ties concentration as shown 1n Line 2.

As shown 1n Line 3, the increase 1n temperature will sig-
nificantly decrease the voltage drop to provide more uniform
power output. In an alternative embodiment, a heater 1s used
for raising the temperature of the injected gas and disengaged
so the 1njected fuel 1s no longer to be heated so as to allow the
tuel cell to return to normal operating temperatures.

Referring now to FIG. 4, the method of operation of this
invention 1s described 1n further detail. Additionally, the pro-
cedural descriptions are representations used by those skilled
in the art to most effectively convey the substance of this work
to others skilled 1n the art. These procedures are generally a
self-contained sequence of steps leading to a desired result. In
the event of the control unit, these steps require physical
mampulations of physical quantities such as electrical and
magnetic signals capable of being stored, transterred, com-
bined, compared, or otherwise mampulated. Therefore, this
invention 1s described with reference to flowchart illustra-
tions of methods, apparatus, and computer program products
according to the invention in order to convey the understand-
ing that each block of the tflowchart illustration can be 1mple-
mented by a set of computer readable instructions embodied
in a computer readable medium. These computer readable
instructions may be loaded onto a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce the machine for which the
instructions will execute. It will be understood that each block
of a flowchart illustration can be implemented by special
purpose hardware based computer systems that perform this
specific function, or steps, in combination with special pur-
pose hardware or computer 1nstructions.

Referring now to FIG. 4, the fuel stream begins at step 32.
A determination 1s made whether impurities exist in the fuel
stream 1n step 34. I impurities do not exist, a determination 1s
made on whether the temperature has previously been raised
in step 40. If 1t has not, then the process returns to step 34. If
in step 40, the temperature has previously been raised, then
the temperature 1s lowered in step 42 and the process returns
to step 34. In step 34, 11 impurities do exist in the stream, a
determination can be made as to whether the impurities are
above a predetermined level in step 36. If they are not, then the
process returns to step 34. In the event that the impurities are
above a predetermined level, the determination 1s made as to
whether the temperature has previously been raised in step
38. If 1t has, then the process returns to step 34. In the event
that the temperature has not been raised 1n step 38, then the
temperature 1s raised 1n step 44, and the process returns to step
34.

While a preferred embodiment of the invention has been
described using specific terms, such description 1s for 1llus-
trative purposes only, and 1t 1s to be understood that changes
and variations may be made without departing from the spirit
or scope of the following claims.

What 1s claimed 1s:

1. An electrochemical fuel cell system adapted for main-
taining the etficient production of electrical power of a fuel
cell, said system comprising:
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a Tuel cell having a normal operating temperature for pro-
ducing electricity;

a fuel supply contaiming a hydrogen rich fuel for delivery to
said fuel cell;

a Tuel supply conduit connecting said fuel supply and said
fuel cell for delivering a fuel stream of said hydrogen
rich fuel to said tuel cell;

a heating mechanism 1n communication with said fuel
supply conduit operative to generate heat in said fuel
supply conduit for increasing the temperature of said
fuel stream entering said fuel cell to raise said normal
operating temperature of said fuel cell to an elevated
operating temperature; and,

an 1mpurity sensor carried by said fuel supply conduit for
sensing impurities 1n said fuel stream prior to said impu-
rities entering said fuel cell;

said impurity sensor operatively associated with said heat-
ing mechanism for activating said heating mechanism in
response to detecting impurities in said fuel stream prior
to said impurities entering said fuel cell;

whereby, said normal operating temperature of said fuel
cell 1s raised to said elevated operating temperature
betore said impurities enter said fuel cell so that binding
of said impurities within said fuel cell 1s resisted.

2. The system of claim 1 including a control unit in com-
munication with said impurity sensor and said heating
mechanism for monitoring impurity levels detected by said
impurity sensor and controlling activation of said heating
mechanism based on the level of said impurities 1n said fuel
stream.

3. The system of claim 1 including a hot gas injector
included in said heating mechanism connected to said fuel
supply conduit for introducing a stream of heated gas 1into said
tuel supply conduit to rapidly raise the temperature of said
tuel cell so that said impurities are prevented from binding to
clectrocatalysts contained within said fuel cell.

4. The system of claim 3 wherein said stream of heated gas
comprises heated hydrogen gas.

5. The system of claim 1 includes a heating coil included in
said heating mechanism disposed around said fuel supply
conduit for heating said fuel stream within said fuel supply
conduit prior to entering said fuel cell to rapidly raise the
temperature of said fuel cell so that said impurities are pre-
vented from binding to electrocatalysts contained within said
tuel cell.

6. The system of claim 1 including a voltage sensor 1n
communication with said fuel cell for detecting changes 1n
the voltage of said fuel cell from a predetermined voltage
level, wherein said voltage sensor 1s operatively associated
with said heating mechanism to activate said heating mecha-
nism when a drop 1n voltage 1s detected below a predeter-
mined level, and to deactivate said heating mechanism when
a return 1n voltage 1s detected.

7. A method of improving the efficiency of an electro-
chemical fuel cell system of the type having a fuel supply for
delivering a hydrogen rich fuel stream through a fuel supply
conduit to a fuel cell stack, said method comprising the steps
of:

providing an impurity sensor carried by said fuel supply
conduit communicating with said fuel stream passing
therein for detecting impurities 1n said fuel stream;
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detecting the presence of impurities 1 said fuel stream

passing through said fuel supply conduit;

monitoring said impurities 1n said fuel stream to determine

an 1mpurity level prior to said impurities entering said
fuel cell;

detecting a rise 1 said impurity level above a predeter-

mined impurity level prior to said impurities entering
said fuel cell;
providing a heating mechanism disposed between said
impurity sensor and said fuel cell commumicating with
said fuel supply conduit and said impurity sensor,
wherein said heating mechanism 1s operative to generate
heat 1n said fuel supply conduit for increasing the tem-
perature of said fuel stream entering said fuel cell so that
a normal operating temperature of said fuel cell 1s raised
to an elevated operating temperature by heating of said
fuel stream; and,
activating said heating mechanism 1n response to detecting
said rise 1n said impurity level to raise the temperature of
said fuel cell stack to said elevated operating tempera-
ture betfore said impurities enter said fuel cell;

whereby, raising said normal operating temperature of said
fuel cell to said elevated operating temperature before
said impurities enter said fuel cell resists binding of said
impurities within said fuel cell to maintain efficient elec-
tricity production.

8. The method of claim 7 including the step of detecting a
drop 1n said impurity level below said predetermined impu-
rity level 1n said fuel stream passing through said tuel supply
conduit.

9. The method of claim 8 including the step of deactivating,
said heating mechanism to lower the temperature of said fuel
cell stack to a said normal operating temperature in response
to detecting said drop in said impurity level below said pre-
determined impurity level.

10. The method of claim 7 including the step of heating said
tuel cell stack by activating a hot gas injector for rapidly
infusing heated gas into said fuel supply conduit.

11. The method of claim 7 including the step of heating said
tuel cell stack by activating a heating coil disposed around
said fuel supply conduit for heating said fuel stream prior to
entering said fuel cell stack.

12. The method of claim 7 including the step of deactivat-
ing said heating mechanism aiter a predetermined period of
time expires and said impurities drop below said predeter-
mine impurity level.

13. The method of claim 7 including the step of detecting a
drop 1n voltage of said tuel cell stack from a predetermined
voltage level.

14. The method of claim 13 including the step of activating
said heating mechanism to raise the temperature of said fuel
cell stack to said elevated operating temperature upon detect-
ing a drop in voltage below said predetermined voltage level.

15. The method of claim 14 including the step of deacti-
vating said heating mechanmism to lower the temperature of
said fuel cell stack to said normal operating temperature when
said voltage sensor detects a return 1n voltage to said prede-
termined voltage level.
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